Primary thyroid paraganglioma (TP) is an uncommon tumor, and in rare cases, this disease tends to mimic medullary thyroid carcinoma (MTC). The present study reports a rare case of primary TP mimicking thyroid carcinoma, accompanied by hyperthyroidism. A 30-year-old female presented with an anterior cervical mass. Pre-operative radiological studies and operative frozen section analysis indicated an atypical MTC. Primary TP was finally diagnosed by pathology and immunohistochemical staining. Laboratory examinations (thyroid hormones tests) and Tc99m emission computed tomography revealed hyperthyroidism. Gene analysis of TP-associated gene mutations was negative. Surgical resection was performed as a curative approach and there is currently no metastasis after 36 months of follow-up. Surgeons must be aware of this disease in order to ensure a correct diagnosis and to prevent them from performing unnecessary procedures. The current study presents a case of primary TP mimicking MTC, discusses the radiographic results and histological characteristics, and provides a review of the associated literature.
Introduction
Thyroid paraganglioma (TP) is an uncommon tumor, which may be derived from the inferior laryngeal paraganglia (1) . Paraganglioma is a neuroendocrine tumor originating from paraganglia of the autonomic nervous system, which is derived from ectoderm cells (2) , whereas the thyroid gland is derived from cells of entodermal origin (3) and thus, it would appear that the development of paraganglioma originating from the thyroid gland is extremely unlikely. Therefore, at present, the pathogenesis of TP remains unclear. However, in the English literature, <40 documented cases have been reported. As described in previous reports, TP is generally slow-growing and most patients present with an asymptomatic neck mass (1). On ultrasonography, TP typically appears as a solid hypoechoic nodule, showing no significant differences from other common types of thyroid neoplasms. Computed tomography (CT) generally displays a thyroid mass of low density, and thus TPs are usually mistaken as benign tumors (4) . Surgery is generally the recommended treatment method, and few cases involving local recurrence or metastasis following surgical mass excision have been reported. In certain cases, TP can mimic medullary thyroid carcinoma (MTC) (4) (5) (6) (7) (8) . MTC arises from parafollicular cells and exhibits similar microscopic features to TP, with a nesting or organoid pattern of growth under histological examination (7) . However, the presentation of TP concomitant with hyperthyroidism has never been reported. The present study reports the first case of primary TP mimicking MTC accompanied by hyperthyroidism. This study was approved by the Ethics Committee of The Second Affiliated Hospital, College of Medicine, Zhejiang University (Hangzhou, China). Consent was obtained from the patient's family.
Case report
On July 16th, 2009, a 30-year-old female with an enlarging anterior cervical mass, a hoarse voice and weight loss that had been apparent for 2 months was admitted to the Department of Thyroid Surgery of the Second Affiliated Hospital, College of Medicine, Zhejiang University (Hangzhou, China). CT revealed a left thyroid nodule, which was a 2.8x1.2x1.7-cm non-calcific solid mass with low density, and ultrasonography showed that the elastic grade was grade 2 (Fig. 1 ). Tc99m emission computed tomography (ECT) demonstrated hyperthyroidism and left thyroid 'cold nodules'. The laboratory examination results for serum free triiodothyronine (FT3), free thyroxine (FT4) and human-thyroid-stimulating hormone (h-TSH) levels were recorded as 12.80 pmol/l (normal range, 3.5-6.5 pmol/l), 35.44 pmol/l (normal range, 8.9-20.6 pmol/l) and 0.02 mIU/l (normal range, 0.35-4.6 mIU/l), respectively. Following the treatment of propylthiouracil (100 mg, every 8 h for 4 weeks) for hyperthyroidism, a pre-operative fine-needle aspiration cytology (FNAC) biopsy was performed, but was deemed to have no diagnostic value due to the presence of excessive blood.
Finally, the patient chose surgery rather than FNAC reexamination. The pre-operative measurements of the FT3, FT4 and h-TSH levels were 5.10 pmol/l, 14.68 pmol/l and 0.02 mIU/l. During the left hemithyroidectomy, the mass was observed to be involved in the left thyroid capsule. The mass was grossly described as a 2.5x1.2x1.5-cm solitary gray-red nodule, with multiple areas of hemorrhage and necrosis.
Frozen section analysis during the procedure revealed solid nests of cells with slight pleomorphic nuclei. Tumor cells appeared to be malignant, with the pattern of necrosis and vascular invasion, initially suggesting a diagnosis of MTC. The histological characteristics of the presumptive MTC were not typical and, following communication with the patient's family, a left thyroidectomy and central lymph node dissection was performed.
The final histological examination showed distinctive cell nests (with zellballen architecture), but none of the 9 lymph 
A B
A B C D nodes were involved. The majority of tumor cells were small and round with rich basophilic cytoplasm. Based on the typical zellballen growth pattern of the neoplasm, primary TP was determined in the final pathological diagnosis and was confirmed by positive immunohistochemical staining (IHC) for neuron-specific enolase, synaptophysin, chromogranin A and S-100, and negative staining for carcinoembryonic antigen and calcitonin (Fig. 2) .
In the long-term post-operative surveillance, ultrasonography of the neck, CT of the chest and abdomen, and the 24-h urine catecholamine level were normal. The surgery also cured the hyperthyroidism, and the latest results of the serum FT3, FT4 and h-TSH tests were 4.15 pmol/l, 14.54 pmol/l and 1.96 mIU/l, respectively. The patient also received genetic counseling and the subsequent genetic test was negative for RET, SDHB and SDHD mutations.
The patient is currently doing well without any evidence of metastasis at the time of the last follow-up at 36 months post-surgery.
Discussion
Thyroid nodular lesions mimicking MTC are rare, and obtaining the correct diagnosis and making the appropriate surgical decisions is challenging for surgeons. To date, the pre-operative diagnosis of TP by clinical findings and radiological examinations remains difficult (5, 6, 9) . The morphology of TP is difficult to distinguish from that of MTC and thus, pre-operative FNAC biopsy or intraoperative frozen section analysis rarely report a correct diagnosis (4). However, IHC is of great use in differentiating TP from other thyroid neoplasms, such as hyalinizing trabecular adenoma and MTC (9) .
The current study presents a case of primary TP that mimicked MTC. This is also the first case exhibiting TP accompanied by hyperthyroidism. According to the imaging manifestation the present case, in hyperthyroidism, the thyroid lobes have a rich vascular supply. The congestive status of the lobe indirectly enhances the blood flow signal of the thyroid nodule, which confuses the surgeons in assessing the properties of the nodules. Therefore, as in the present case, ultrasonography shows an abundant blood flow signal in the paraganglioma and the thyroid lobes. In the contrast-enhanced CT scans of the present study, the paraganglioma and the thyroid lobes exhibited enhancement, although the degree of enhancement in the paraganglioma was less than that in the thyroid lobes. ECT revealed hyperthyroidism and thyroid 'cold nodules'.
With regard to the gross anatomy, the paraganglioma was absolutely involved in the left thyroid lobe in the present case. The diagnosis of TP was further confirmed by pathology and IHC. As repeated examinations of the neck, chest and abdomen presented no other tumors, metastasis from another location was excluded.
Primary TP possesses unknown malignant potential, however, to date, no studies have reported locoregional recurrence or distant metastasis, despite records of a few tumors that displayed questionable morphological features (6) . The literature provides good evidence that extensive surgical resection can achieve a long disease-free interval (5, 7, 10, 11) . Although irradiation has been demonstrated to be effective for enlarging and symptomatic paragangliomas (12, 13) , an indication for primary radiotherapy is established rarely, and only if a surgical procedure is likely to involve a high risk of damage to several vessels and nerves (14) . Moreover, as the present patient was negative for RET, SDHB or SDHD mutations (15, 16) , a left hemithyroidectomy without radiotherapy was appropriate.
In conclusion, the present study reports a rare case of primary TP accompanied by hyperthyroidism. This case aims to raise awareness of this entity, which can be mistaken for MTC. IHC plays a significant role in the definitive diagnosis, and gene analysis, such as RET and SDH mutation detection, is a factor to consider when adjusting the treatment plan and evaluating the prognosis.
